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Introduction {#sec005}
============

Physical inactivity is one of the most important modifiable risk factors for many non-communicable diseases (NCDs) including heart diseases, stroke, type-2 diabetes, chronic respiratory diseases and some cancers \[[@pone.0190124.ref001],[@pone.0190124.ref002]\]. Almost three quarters of all deaths (28 million) and the majority of premature deaths (82%) from NCDs occur in low- and middle-income countries \[[@pone.0190124.ref001]\]. In Nigeria, NCDs already account for about 24% of all deaths with prevalence of overweight and obesity at about 33.3% \[[@pone.0190124.ref003]\]. Thus, controlling NCDs risks through improving the level of physical activity in the population is an important public health priority for Nigeria. However, for effective population-wide intervention, it is important to first identify the patterns of physical activity and sedentariness, and the population sub-groups at risk of physical inactivity \[[@pone.0190124.ref004]\].

Although the deleterious health consequences and burden of NCDs tend to be expressed later in life, the associated lifestyle and behavioural risk factors including physical inactivity, sedentariness, alcohol consumption and tobacco use tend to be formed during adolescence to early adulthood \[[@pone.0190124.ref005]--[@pone.0190124.ref007]\]. Since age of university education often coincides with the period of transition to early adulthood, that is critical to establishing independence and adoption of future lifestyles, understanding the patterns of physical activity and sedentariness in university students is relevant to early intervention strategies for improving current and future health in the population. In this context, multiple studies have investigated the prevalence and correlates of physical activity and sedentary behaviours among University students \[[@pone.0190124.ref007]--[@pone.0190124.ref015]\]. However, most of these studies were conducted in western high income countries and had utilized self-report assessment of physical activity \[[@pone.0190124.ref007]--[@pone.0190124.ref014]\].

Based on self-report questionnaires, between 22% and 80% of university students globally were physically inactive \[[@pone.0190124.ref011]--[@pone.0190124.ref014]\], and over 60% did not meet the global recommendations of sufficient health-related physical activity of at least 150 minutes/week of moderate-intensity or 75 minutes/week of vigorous-intensity physical activity, or an equivalent combination \[[@pone.0190124.ref009],[@pone.0190124.ref010],[@pone.0190124.ref012],[@pone.0190124.ref016]\]. However, when an objective measure of physical activity was utilized, a recent study indicated about 95% of Spanish university students did not meet these global recommendations \[[@pone.0190124.ref015]\]. Because self-report questionnaires are known to overestimate physical activity \[[@pone.0190124.ref017],[@pone.0190124.ref018]\], the exact prevalence of physical inactivity among university students could possibly be higher than the proportion estimated in the previous surveys utilizing self-report measures. Thus, in addition to the utilization of self-report measures, it is important to conduct more studies using objective measures in low-and middle-income countries where the understanding of strategies for promoting physical activity is still poor \[[@pone.0190124.ref019]\].

To our knowledge, only few studies have been published on physical activity levels of Nigerian university students. These include studies among Nigerian students enrolled in the universities in the United States \[[@pone.0190124.ref020]\], as part of a multi-country project of health behaviours in 23 countries \[[@pone.0190124.ref013]\], and conducted primarily to explore correlates of overall physical activity levels among students in Nigerian universities \[[@pone.0190124.ref021],[@pone.0190124.ref022]\]. Although these studies suggest moderate to high prevalence of physical inactivity among Nigerian university students, they might have under- or over- estimated the true physical activity status of this population because they were conducted utilizing self-report measures. Thus, for effective health promotion and public health action, it is important to objectively estimate the prevalence and patterns of physical activity among university students and other population sub-groups in Nigeria. Despite the strategic importance of health professionals to promoting physical activity among their patients and in the general population, data regarding physical activity behaviours of health professional students are not readily available. The aim of the present study was to objectively examine the level and demographic patterns of physical activity and sedentary time among health professional students in a Nigeria university. A secondary aim was to examine the prevalence of compliance with physical activity guidelines according to different public health recommendations \[[@pone.0190124.ref016], [@pone.0190124.ref023]--[@pone.0190124.ref025]\].

Materials and methods {#sec006}
=====================

Study design, setting and participants {#sec007}
--------------------------------------

A cross-sectional study design was used to collect objective physical activity and self-reported sociodemographic information from health professional students of the College of Medical Sciences, University of Maiduguri, Nigeria. The university is a public and the oldest university in North-Eastern Nigeria. It attracts students from all the 36 states in Nigeria and also international students mainly from the West and Central African countries of Niger and Chad, and Cameroon, respectively. The College of Medical Sciences of the University offers degree programmes in Medicine and Surgery, Dentistry, Nursing, Physiotherapy, Radiography and Medical Laboratory Science (MLS).

The health professional students were selected to participate in the study if they were in the clinical stage of their undergraduate training (from year 4 to 6 for medical and dental students and from year 3 to 5 for the other programmes). They were recruited utilizing convenience sampling technique. A total of 150 health professional students were contacted to participate in the study but only 102 provided valid accelerometer data, giving a response rate of 68%. Eligibility criteria were: (1) living in the students' residence hall on campus, (2) being between 18 and 39 years, (3) not having any disability that prevented independent walking, and (4) willing to wear accelerometer for 12 hours per day for seven consecutive days. Data were collected from February to May in 2012 and all measurements were done at the University of Maiduguri Teaching Hospital which is the clinical training site for the College of Medical Sciences of the University of Maiduguri.

Ethics statement {#sec008}
----------------

The study was conducted in accordance to the principles expressed in the 1964 declaration of Helsinki and its later amendments. Written informed consent was obtained from all the participants through a cover letter distributed few days prior to the study. The consent procedure and study protocol were approved by the Research and Ethics Committee of the University of Maiduguri Teaching Hospital, Nigeria, (AD/TH/EC/75).

Measures {#sec009}
--------

### Assessment of physical activity {#sec010}

Participants wore actigraph accelerometer (Computer Science and Application, Inc. (CSA) Model 7164) activity monitor for seven consecutive days. This device has been shown to provide valid estimate of physical activity \[[@pone.0190124.ref026],[@pone.0190124.ref027]\], and correlates highly with heart rate and with other movement and energy-expenditure estimates \[[@pone.0190124.ref028]\]. Participants were instructed to wear the accelerometer around the waist, just above the right hip, from when they woke up in the morning until bed time at night for the 7 days period. Because the accelerometers were not water resistant, participants were asked to remove them any time they were to perform water related activities like bathing or swimming, and when going to bed. Accelerometer data were considered complete if the participants had valid data of at least 10 hours per day for at least 5 days, including at least 1 weekend day \[[@pone.0190124.ref029],[@pone.0190124.ref030]\]. The accelerometers were set to capture the interval of recorded time (epoch) in physical activity at 60 seconds \[[@pone.0190124.ref031],[@pone.0190124.ref032]\], and any 60 minutes of consecutive zero counts were considered as non-wear time and screened out of the data \[[@pone.0190124.ref032]\]. The minute-by-minutes activity counts captured by the accelerometer were collapsed into minutes spent in sedentary, light, moderate and vigorous intensity activities based on the cut-points derived from previous studies \[[@pone.0190124.ref030]--[@pone.0190124.ref032]\]. A minute of accelerometer data was coded as either sedentary or light if it contained less than 100 activity counts/minute or was between 101--1952 activity counts/minute, respectively. It was coded as moderate if the activity counts were between 1952--5724 counts/minute. Activity counts greater than 5724 counts/minute were coded as minutes in vigorous intensity activity \[[@pone.0190124.ref030]--[@pone.0190124.ref032]\]. Daily time spent in objective moderate-to-vigorous physical activity (MVPA) was calculated by summing minutes per day of moderate- and vigorous-intensity activity. Total physical activity was calculated as the sum of time spent in light intensity activity and MVPA. The data were scored and interpreted using the "MeterPlus Version 4.2 software from Santech, Inc. ([www.meterplussoftware.com](http://www.meterplussoftware.com/)).

The participants were classified separately into meeting four guidelines of sufficient physical activity categories and one guideline for sedentary behaviour, based on different public health recommendations \[[@pone.0190124.ref016],[@pone.0190124.ref023]--[@pone.0190124.ref025]\]:

-   Recommendation 1 (R1): ≥ 150 minutes/week of MVPA \[[@pone.0190124.ref016]\].

-   Recommendation 2 (R2): ≥ 75 minutes/week of vigorous physical activity \[[@pone.0190124.ref016]\].

-   Recommendation 3 (R3): ≥ 30 minutes of MVPA for most days (5 days) of the week \[[@pone.0190124.ref023]\].

-   Recommendation 4 (R4): ≥ 20 minutes/day of vigorous physical activity for at least 3 days/week \[[@pone.0190124.ref024]\].

-   Recommendation 5 (R5): Less than 6 hours/day of sedentary time \[[@pone.0190124.ref025]\].

Recommendations 1 and 2 are often combined as part of a single guideline \[[@pone.0190124.ref016]\], but to be consistent with a previous study among university students \[[@pone.0190124.ref015]\] and to also identify which intensity of physical activity (moderate or vigorous) the students were spending most time to meet the guidelines, we explored R1 and R2 separately in the present study. Further, because there are deleterious metabolic consequences for exposure to 6--10 hours/day of sitting \[[@pone.0190124.ref025]\], we created a separate fifth recommendation (R5) for sedentary time as less than 6 hours/day.

### Socio-demographic characteristics {#sec011}

Socio-demographic information of age, gender, marital status, academic programme, level of study and self-rated health status was elicited from the participants. Students\' ages were grouped into two categories; 19--24 years, and 25 years and above. Marital status was classified as single/never married and married. Academic programme was classified as physiotherapy, MLS, radiography, medicine and surgery, and nursing. Level of study was categorized into year 3, year 4, year 5 and year 6. Because none of the participants reported poor health status, participants' self-rated health status was categorized as excellent, very good, and good, while their ethnic group was classified as Hausa/Fulani, Kanuri/Shuwa, Yoruba, Ibo and others.

### Anthropometrical measurements {#sec012}

Participants' weight (to nearest 0.5 kg) and height (to nearest 0.1 cm) were measured using a standardized instrument (RGZ-160 Weighing and Height Scale, China). Body mass index (BMI) was calculated as body weight divided by the square of height (kg/m^2^). The participants' BMI was categorized as underweight (\< 18.5 kg/m^2^), normal weight (18.5 --\< 25 kg/m^2^), overweight (25 --\<30kg/m^2^) and obese (≥ 30 kg/m^2^).

Statistical analyses {#sec013}
--------------------

Descriptive statistics of mean, standard deviation and frequencies were calculated for the sociodemographic characteristics of the participants. Physical activity estimates (light-intensity physical activity, MVPA and total physical activity) from the accelerometer were described by mean and standard deviation, in addition to median and interquartile range. Differences in physical activity estimates and sedentary time by demographics (gender, age group, BMI group, level of study and academic programme) were examined by independent t-test and One-way ANOVA statistics as appropriate. The proportion of participants meeting the different physical activity and sedentary time recommendations was computed with percentages, and the gender differences were explored with Chi-Square statistics. All Statistical analyses were performed using SPSS software version 15.0 (SPSS Inc., Chicago. IL).

Results {#sec014}
=======

The participants comprised of 102 young adults (43.1% female) with a mean age of 23.8 ± 2.3 years and body mass index of 23.3 ± 4.1kg/m^2^. Majority of the participants were single/never married (96.1%), rated their health as 'very good' (73.5%), were younger than 25 years (66.7%), and had 'normal' weight status (52.9%). Compared to male students, the females were more likely to be overweight (*p \<* 0.001) and of Igbo or Yoruba ethnic group (*p* \< 0.001) ([Table 1](#pone.0190124.t001){ref-type="table"}).

10.1371/journal.pone.0190124.t001

###### Descriptive characteristics of the sample.

![](pone.0190124.t001){#pone.0190124.t001g}

  ----------------------------------------------------------------------------------------------------------------------------------------
  Variables                  Total Sample (N = 102)   Female\           Male\             *P*-values[†](#t001fn001){ref-type="table-fn"}
                                                      (n = 44, 43.1%)   (n = 58, 56.9%)   
  -------------------------- ------------------------ ----------------- ----------------- ------------------------------------------------
  Age (years)                23.8± 2.3                23.4 ± 1.9        24.2 ± 2.5        0.084

  Age group (n, %)                                                                        0.258

      19--24                 68 (66.7)                32 (47.1)         36 (52.9)         

      25--34                 34 (33.3)                12 (35.3)         22 (64.7)         

  BMI (Kg/m^2^)              23.3 ± 4.1               25.1 ± 4.1        21.9 ± 3.7        **\<0.001**

  Weight status (n, %)                                                                    0.053

      Underweight            14 (13.7)                5 (35.7)          9 (64.3)          

      Normal weight          54 (52.9)                18 (33.3)         36 (66.7)         

      Overweight             28 (27.5)                18 (64.3)         10 (35.7)         

      Obese                  6 (5.9)                  3 (50.0)          3 (50.0)          

  Marital Status                                                                          0.455

      Married                4 (3.9)                  1 (25.0)          3 (75.0)          

      Single/never married   98 (96.1)                43 (43.9)         55 (56.1)         

  Ethnicity (n, %)                                                                        **\<0.001**

      Igbo                   22 (21.6)                17 (77.3)         5 (22.7)          

      Hausa/Fulani           28 (27.5)                9 (32.1)          19 (67.9)         

      Yoruba                 13 (12.7)                9 (69.2)          4 (30.8)          

      Kanuri                 12 (11.8)                3 (25.0)          9 (75.0)          

      Others                 27 (26.5)                6 (22.2)          21 (77.8)         

  Acad Programme (n, %)                                                                   0.692

      Physiotherapy          46 (45.1)                17 (37.0)         29 (63.0)         

      MLS                    14 (13.7)                7 (50.0)          7 (50.0)          

      Radiography            8 (7.8)                  3 (37.5)          5 (62.5)          

      Medicine & Surgery     20 (19.6)                11 (55.0)         9 (45.0)          

      Nursing                14 (13.7)                6 (42.9)          8 (57.1)          

  Level of Study (n, %)                                                                   0.075

      Year 3                 16 (15.7)                3 (18.8)          13 (81.3)         

      Year 4                 49 (48.0)                23 (46.9)         26 (53.1)         

      Year 5                 35 (34.3)                16 (45.7)         19 (54.3)         

      Year 6                 2 (2.0)                  2 (100.0)         0 (0)             

  Health Status (n, %)                                                                    **0.022**

      Excellent              8 (7.8)                  3 (37.5)          5 (62.5)          

      Very good              75 (73.5)                38 (50.7)         37 (49.3)         

      Good                   19 (18.6)                3 (15.8)          16 (84.2)         
  ----------------------------------------------------------------------------------------------------------------------------------------

†- Values based on independent t-tests statistics for continuous variables and chi-Square Statistics for categorical variables

Acad- Academic; BMI- Body Mass Index; MLS- Medical Laboratory Science

[Table 2](#pone.0190124.t002){ref-type="table"} shows the daily minutes in sedentary time, light-intensity physical activity, moderate- to- vigorous intensity physical activity and total physical activity. The participants spent 458.6 minutes/day (*SD* = 91.8, Interquartile range \[*IQR*\] = 393--500, 61.4% of daily valid time) in sedentary activity. Participants spent 288.9 minutes/day (*SD* = 60.7, *IQR* = 257--327, 38.6% of daily valid time) in total physical activity. Of total physical activity, the students spent most of their time in light-intensity physical activity (225.6 ± 48.5 minutes/day, *IQR* = 196--258, about 30.2% of daily valid time), followed by moderate-intensity physical activity (61.3 ± 36.4 minutes/day, *IQR* = 38--81, about 8.2% of daily valid time). The least time was spent in vigorous-intensity physical activity (2.1 ± 4.4 minutes/day, *IQR* = 0.2--1.9, about 0.28% of daily valid time). There was no significant difference (*P* \< 0.05) between male and female students on all estimates of physical activity and sedentary time.

10.1371/journal.pone.0190124.t002

###### Overall objective physical activity and sedentary time estimates, and comparison by gender.

![](pone.0190124.t002){#pone.0190124.t002g}

  Variables                 Total Sample (N = 102)   Female (n = 44)   Male (n = 58)    *P*-values[†](#t002fn001){ref-type="table-fn"}
  ------------------------- ------------------------ ----------------- ---------------- ------------------------------------------------
  Valid wear days (no.)                                                                 0.704
      Mean ± SD             6.01 ± 0.83              6.02 ± 0.88       6.09 ± 0.80      
      Median (IQR)          6 (5, 7)                 6 (5, 7)          6 (5, 7)         
  Valid wear time (min/d)                                                               0.805
      Mean ± SD             747.5 ± 114.8            735.8 ± 131.9     758.9 ± 101.1    
      Median (IQR)          726 (679, 782)           718 (669, 765)    672 (691, 811)   
  Non wear time (min/d)                                                                 0.564
      Mean ± SD             662.7 ± 103.6            669.6 ± 110.2     657.5 ± 99.1     
      Median IQR            663 (623, 720)           679 (630, 724)    662 (611, 733)   
  Sedentary time (min/d)                                                                0.535
      Mean ± SD             458.6 ± 91.8             452.0 ± 96.9      463.5 ± 88.3     
      Median (IQR)          452 (393, 500)           443 (394, 482)    459 (389, 516)   
  Light PA (min/d)                                                                      0.376
      Mean ± SD             225.6 ± 48.5             220.7 ± 55.4      229.3 ± 42.6     
      Median (IQR)          225 (196, 258)           221 (197, 245)    232 (192, 258)   
  Moderate PA (min/d)                                                                   0.375
      Mean ± SD             61.3 ± 36.4              57.7 ± 28.4       64.1 ± 41.4      
      Median (IQR)          61 (38, 79)              63 (31, 81)       60 (43, 78)      
  Vigorous PA (min/d)                                                                   0.971
      Mean ± SD             2.1 ± 4.4                2.1 ± 5.1         2.1 ± 3.8        
      Median (IQR)          0.7 (0.2, 1.9)           0.7 (0.1, 2.3)    0.7 (0.2, 1.9)   
  MVPA (min/d)                                                                          0.390
      Mean ± SD             63.4 ± 37.4              59.7 ± 30.2       66.2 ± 42.1      
      Median (IQR)          63 (38, 81)              65 (32, 83)       42 (44, 80)      
  Total PA (min/day)                                                                    0.216
      Mean ± SD             288.9 ± 60.7             280.4 ± 65.1      295.5 ± 56.8     
      Median (IQR)          288 (257, 325)           285 (257, 319)    291 (256, 339)   

†- Values based on independent t-tests statistics

min/d\_ Minutes per day; PA\_ Physical activity; *IQR\_* Interquartile range; MVPA\_ Moderate and vigorous physical activity

There were age group and academic programme differences in time spent in sedentary and total physical activity among the participants. The older age group reported significantly (*P* = 0.038) more sedentary time than the younger age group (480.9 ± 100.4 minutes/day vs. 447.4 ± 85.8 minutes/day). Students in MLS programme spent more time (*P* = 0.046) in sedentary activity (498.3 ± 96.0 minutes/day) than those in physiotherapy (437.2 ± 86.9 minutes/day) and nursing (422.0 ± 58.1 minutes/day) programmes, but less time (*P* = 0.041) in total physical activity (257.2 ± 59.1 minutes/day) compared to those in medicine and surgery (300.7 ± 51.3 minutes/day) and nursing (304.2 ± 44.3 minutes/day) programmes. There was no significant (*P* \< 0.05) demographic pattern for light-intensity physical activity, moderate-intensity physical activity and vigorous-intensity physical activity ([Table 3](#pone.0190124.t003){ref-type="table"}).

10.1371/journal.pone.0190124.t003

###### Physical activity and sedentary time patterns by age group, BMI, academic program and level of study.

![](pone.0190124.t003){#pone.0190124.t003g}

                           Sedentary time (min/d)     Light PA (min/d)          Moderate PA (min/d)    Vigorous PA (min/d)       Total PA (min/d)
  ------------------------ -------------------------- ------------------------- ---------------------- ------------------------- -------------------------
      19--24 years         437.4 ± 85.8 (390, 493)    225.8 ± 52.0 (195, 260)   64.2 ± 41.3 (38, 78)   1.98 ± 4.7 (0.25, 1.96)   291.9 ± 67.2 (260, 336)
      25--34 years         480.9 ± 100.4 (405, 535)   225.0 ± 41.2 (195, 248)   55.7 ± 22.9 (37, 80)   2.30 ± 3.8 (0.03, 2.21)   282.9 ± 45.6 (252, 308)
          *P*-value        **0.038**                  0.936                     0.272                  0.767                     0.485
  BMI group                                                                                                                      
      \<25 kg/m^2^         468.1 ± 96.2 (399, 521)    224.8 ± 50.4 (192, 256)   57.5 ± 25.8 (38, 77)   2.20 ± 5.2 (0.06, 1.67)   284.5 ± 55.3 (259, 311)
      ≥25 kg/m^2^          439.4 ± 80.3 (382, 478)    227.1 ± 45.0 (208, 259)   68.9 ± 51.1 (38, 81)   1.79 ± 2.1 (0.27, 3.14)   297.9 ± 70.3 (249, 345)
          *P*-value        0.137                      0.817                     0.137                  0.656                     0.295
  Level of study                                                                                                                 
      Year 3               473.5 ± 89.3 (407, 548)    220.0 ± 39.8 (183, 246)   72.7 ± 69.7 (35, 82)   3.10 ± 6.4 (0.25, 1.67)   295.9 ± 75.5 (254, 335)
      Year 4               452.5 ± 100.6 (376, 497)   230.4 ± 53.2 (207, 263)   59.9 ± 26.9 (39, 77)   1.91 ± 4.7 (0.14, 1.92)   292.3 ± 63.4 (257, 341)
      Year 5 and 6         459.9 ± 82.3 (396, 486)    221.7 ± 45.0 (191, 256)   58.4 ± 25.6 (37, 80)   1.78 ± 2.1 (0.03, 2.10)   281.9 ± 50.6 (254, 317)
          *P*-value        0.728                      0.627                     0.393                  0.585                     0.652
  Acad programme                                                                                                                 
      Physiotherapy        447.2 ± 86.9 (391, 480)    224.2 ± 55.4 (191, 259)   59.8 ± 47.1 (33, 78)   2.80 ± 5.6 (0.02, 2.92)   286.7 ± 66.9 (255, 314)
      MLS                  498.3 ± 96.0 (440, 553)    208.7 ± 46.6 (171, 239)   46.4 ± 23.1 (24, 66)   2.10 ± 5.7 (0.03, 0.88)   257.2 ± 59.1 (229, 286)
      Radiography          454.3 ± 71.5 (389, 492)    225.9 ± 28.4 (206, 254)   73.6 ± 24.4 (57, 82)   1.70 ± 1.6 (0.20, 3.64)   301.2 ± 37.3 (274, 329)
      Medicine & Surgery   477.2 ± 118.4 (372, 567)   234.7 ± 41.8 (210, 260)   64.7 ± 22.3 (43, 80)   1.30 ± 0.9 (0.68, 1.67)   300.7 ± 51.3 (265, 333)
      Nursing              432.0 ± 58.1 (386, 466)    233.8 ± 44.1 (206, 252)   69.5 ± 23.9 (54, 94)   0.90 ± 1.0 (0.40, 1.34)   304.2 ± 44.3 (275, 345)
          *P*-value        **0.046**                  0.591                     0.383                  0.632                     **0.041**

SD = Standard deviation; IQR = Interquartile range. BMI = Body Mass Index; PA *=* Physical activity; MLS = Medical Laboratory Science

The proportion of students meeting the physical activity recommendations based on different public health guidelines is presented in [Fig 1](#pone.0190124.g001){ref-type="fig"}. The highest compliant rate was on the World Health Organization (WHO) guideline of 150 minutes/week of MVPA (R1), for which 85.3% (87/102 participants) of the students met the recommendation. More male (91.4%) than female students (77.3%) met the recommendation of 150 minutes/week of MVPA (*P* = 0.047). The Physical Activity Guidelines Advisory Committee (PAGAC) recommendation of at least 30 minutes of MVPA on most days of the week (R3) was met by 72 of 102 participants (70.6%). When the guideline was set at 75 minutes/week of vigorous intensity physical activity (R2), only 3 students (2.9%) of 102 participants met this recommendation. Also, only 2 of 102 participants (2.0%) met the fourth guideline of 20 minutes/day of vigorous intensity physical activity for at least 3 days/week (R4). Finally, only about 12% (12/102 participants) of students met the sedentary time guideline of less than 6 hours of sedentary activity per day (R5). No significant difference exists between the proportion of male and female students meeting R2, R3, R4 and R5 (*P* \> 0.05).

![Prevalence (%) of compliance with physical activity guidelines according to different recommendations.\
R1: At least 150 min/week of MVPA. R2: At least 75 min/week of vigorous physical activity. R3: ≥ 30 min of MVPA for most days (5 days) of the week. R4: At least 20 min/day of vigorous physical activity for at least 3 days/week. R5: Less than 6 hours/day of sedentary time.](pone.0190124.g001){#pone.0190124.g001}

Discussion {#sec015}
==========

Given the future societal roles of health professional students as advocates of healthy lifestyles, it is important to study and understand their physical activity behaviours. This is crucial to establishing regular physical activity habit among future health professionals that would be tasked with the public health responsibility of promoting positive health behaviours in the society. The cohort of Nigerian health professional students in the present study spent more of their time (about 7.5 hours/day) in sedentary activities, much less time in moderate-intensity activities (about 1 hour/day) and a negligible time in vigorous intensity activities (about 2 minutes/day). The findings of high sedentary time and extremely low vigorous-intensity physical activity are consistent with studies of objective physical activity among university and college students in Spain, Portugal and the United States \[[@pone.0190124.ref015],[@pone.0190124.ref033],[@pone.0190124.ref034]\], but different from findings of studies in the general population \[[@pone.0190124.ref035]--[@pone.0190124.ref037]\]. Also, the time spent in light-intensity activities among students in our study was generally lower than those found in the general population, even among those aged 19 to 34 years (similar age group to our study) \[[@pone.0190124.ref029],[@pone.0190124.ref035]--[@pone.0190124.ref038]\]. Health professional students in particular or university students in general, by the nature of their academic work, could be spending longer hours sitting in class to study and may have little time for physical activity compared to other sub-groups in the general population. Taken together, the evidence highlights the needs to institute early health promotion interventions for the establishment and adoption of regular physical activity in university student worldwide.

Although more male than female students met the recommendation of 150 minutes/week of MVPA, there was no significant gender difference in the estimates of physical activity and sedentary time. Such lack of gender difference in objectively determined physical activity and sedentary time estimates was also found among Spanish university students \[[@pone.0190124.ref015]\]. However, other studies among Portuguese university and American college students have reported male students to be more physically active than their female counterparts, especially on weekdays \[[@pone.0190124.ref033],[@pone.0190124.ref034]\]. Although we were unable to explore the variation of physical activity by days of the week (weekdays vs. weekend days), we could speculate that the gender pattern of physical activity among our participants would probably not be different by days of the week. Academic schedules including time-table, class periods and tutorials and non-academic routines like religious obligations at both weekdays and weekend days are ubiquitously similar for male and female health professional students at the College of Medical Sciences in University of Maiduguri. However, since academic schedules are expected to be generally lower during the weekend days than the week days, it is important that future studies among Nigerian university students explore physical activity patterns by days of the week. Possibly, this kind of study could identify subtle socio-cultural issues that may explain the inconsistent findings on gender pattern of physical activity and sedentary time that exist across studies of university students.

Consistent with evidence \[[@pone.0190124.ref004],[@pone.0190124.ref008],[@pone.0190124.ref025],[@pone.0190124.ref039]\], older age group participants in the present study significantly accumulated more sedentary time than their younger age counterparts. Perhaps, the age of 19--24 years represents the best period to encourage and inculcate physical activity habit among health professional students in the universities. Although, the university period generally coincides with the formative years that is critical to establishing physical activity habit before adulthood, our finding suggests that when designing interventions to improve physical activity behaviours among university students, greater attention should focus on students aged 25 years and above.

We also found programme patterns in the prevalence of sedentary time and total physical activity, with students in the MLS programme accumulating more sedentary time than those in the nursing and physiotherapy programmes but less time in total physical activity than those in medicine and nursing programmes. Perhaps, the MLS students were more sedentary than students in the other programmes because their training requires more sitting activities to prepare slides and cultures for viewing in the laboratory during practical sessions. Compared to students in MLS programme, the nursing, physiotherapy and medical students in Nigeria could spend less time sitting and more time in overall physical activity because their practical and clinic sessions require more standing and walking activities for treatment techniques and procedures, and teaching rounds. A recent study in Nigeria suggests that physical activity levels may be different among Nigerian health professionals with nurses and physiotherapists more likely to be physically active by taking more pedometer steps per day compared to other health professionals \[[@pone.0190124.ref040]\].

The generally high sedentary time and low vigorous intensity physical activity accumulated by the health professional students in Nigeria should be a call for concern. Evidence indicates that physical inactivity and excessive sedentary behaviour are distinct constructs with independent effects on health outcomes \[[@pone.0190124.ref025], [@pone.0190124.ref041]\]. Since high amount of sitting time has been associated with many chronic diseases risk factors and all-cause mortality \[[@pone.0190124.ref042], [@pone.0190124.ref043]\], spending about 7.5 hours/day in sitting activities by health professional students in our study suggest they are a group at high risk of several chronic conditions. It would be timely to institute practical strategies to reduce the prevalence of high sedentary time among this group of students in Nigeria. Such strategies should include encouraging frequent 'breaking up' of prolong sitting time during lectures and other academic activities, and incorporating time out for structured physical activity and exercise as part of their daily or weekly routine. Good evidence exists for such interventions incorporating regular interruption to prolong sitting \[[@pone.0190124.ref025],[@pone.0190124.ref041]\]. Also, high level of daily moderate to vigorous physical activity (about 75 minutes/day) have been reported to protect against several cardiovascular risk factors and may eliminate the increased risk of death associated with high sedentary time \[[@pone.0190124.ref044]\].

Although there is no evidence that the WHO guideline of at least 150 minutes/week of MVPA \[[@pone.0190124.ref016]\] has a different impact on health than the PAGAC recommendation of at least 30 minutes of MVPA for most days (5 days) of the week \[[@pone.0190124.ref023]\], both recommendations had the highest compliance rate among Nigerian health professional students. Contrarily, only 2.9% and 2.0% of the students met the recommendations of vigorous intensity activity of at least 75 minutes/week and of at least 20 minutes daily for 3 days in a week, respectively. Taken together, these findings suggest that many Nigerian health professional students did not engage in sufficient vigorous-intensity physical activity but most of them met the MVPA guidelines only through the accumulation of considerable volumes of moderate-intensity activities. Similar accumulations of low volumes of vigorous-intensity physical activity have been reported among university students in Spain and Portugal \[[@pone.0190124.ref015],[@pone.0190124.ref033]\]. Since vigorous physical activity could provide greater health benefits than moderate physical activity \[[@pone.0190124.ref044]--[@pone.0190124.ref046]\], it is desirable to encourage and promote participation in more vigorous-intensity physical activity among university students in Nigeria and elsewhere.

However, our finding regarding majority of the participants meeting the sufficient MVPA recommendations, mainly through accumulation of considerable volumes of moderate intensity activity, should be interpreted with caution. While the public health recommendations for sufficient physical activity were based on at least a 10-minutes bouts of MVPA \[[@pone.0190124.ref016]\], this 10 minutes bouts of activity was not taken into consideration in our study. Previous studies have shown that the population prevalence of young people complying with sufficient MVPA recommendations could decrease by about 30% to 65% when the 10 minutes bouts criterion is considered \[[@pone.0190124.ref015],[@pone.0190124.ref035],[@pone.0190124.ref047]\]. Thus, the high proportion of health professional students meeting the guidelines of 150 minutes/week of MVPA (85%) and of at least 30 minutes of MVPA on most days of the week (70.6%) could have been substantially lowered if the 10 minutes bouts recommendation was utilized in the present study.

Limitations and strengths {#sec016}
-------------------------

The relatively small sample size and convenient sampling technique could limit generalization of the findings to other students in different universities in Nigeria. Also, we were unable to stratify the accelerometer data by days of the week making it impossible to explore the variation of physical activity patterns between weekdays and weekends. Future studies with large sample size and accelerometer data stratified by days of the week would allow for more robust analyses to determine weekdays and weekend patterns of physical activity and sedentary time among sociodemographic subgroups of Nigerian university students. However, this study has some important strengths. It was the first to use objective measure of physical activity among university students in Nigeria and one of the very few studies on objective physical activity patterns in the Nigerian population. It provides preliminary evidence on objective physical activity information that could be used to inform the university administrators, health professionals, public health specialists and policy makers on the needs to develop interventions to improve and promote physical activity participation among university students in Nigeria. Moreover, identification of deficits in objectively determined physical activity level of health professional students, in training, may motivate or encourage them to adopt a healthier lifestyle by replacing sedentary behaviour with a more physically active behaviour such as incorporating vigorous intensity activities or aerobic forms of exercise as part of their routines. Since health professionals are generally considered as important health advocates, a carryover of such positive lifestyle behaviour after graduation from the university could inform and contribute to effective promotion of physical activity among their patients and the general public.

Conclusions {#sec017}
===========

Our findings showed that health professional students in Nigeria spent most of their daily time in sedentary-related activities and a negligible portion of their time in vigorous activities. This cohort of students mostly complied with the physical activity guidelines only through accumulation of moderate intensity activity. The prevalence of sedentary time was higher among older age and MLS students than other students' groups. The findings suggest the need to institute structured physical activity interventions to minimize sitting time or sedentariness and improve prevalence of vigorous intensity physical activity among health professional students. However, for effective physical activity interventions, future studies should explore the reasons, motives and barriers to participation in physical activity among university students in Nigeria. Overall, the findings provide preliminary evidence that could be used to inform the needs to develop effective physical activity interventions to improve and support active lifestyle behaviour among health professional students in Nigeria. Adoption of healthy behaviour by future health professionals including physiotherapists, nurses, physicians and medical laboratory scientists is crucial to effective primary prevention of chronic non-communicable diseases and health promotion in the underserved and resource constrained health system of a developing country such as Nigeria.
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